In six trials, 158 late-term gravid sows were fed isocaloric amounts (8,500 kcat metabolizable energy/d) of a corn-soybean meal-based diet in which 20% of their daily metabolizable energy (ME) intake was supplied by either cornstarch or 1,3-butanediol (butanediol) from about d 105 of gestation to parturition. After parturition, all sows were allowed to consume a standard, cornsoybean meal-based lactation diet, ad libitum, during a 28-d lactation. Prepartum administration of butanediol, a stable, nonvolatile liquid that possesses anesthetic, antimicrobial and ketogenic properties, did not alter the voluntary feed intake or body weight changes of sows pre-or postpartum. Number of pigs born per litter, average pig birth weight and incidence of stillbirths were not influenced by the prepartum diet of the sows. However, the addition of butanediol to the prepartum diet increased (P<.10) the number of pigs weaned per litter at 28 d by .51 pigs (8.17 vs 7.66) and improved (P<.IO) the survival rate of pigs from birth to weaning by 5.7 percentage units (84.1 vs 78.4%) compared with those of sows fed isocaioric additions of starch. Average pig weights at 28 d of age were similar for the two treatment groups (6.18 vs 6.08 kg) even though greater numbers of pigs were nursing sows fed the butanediol diet prepartum. The rate and efficiency of gain and survivability of weanling pigs during a 28-d postweaning period were not influenced by the prepartum diet of their dam.
Introduction
The high mortality rate in neonatal pigs is closely associated with the newborn pig's susceptibility to hypoglycemia (Goodwin, 1955 (Goodwin, , 1957 . Limited quantities of endogenous fuels (fats and carbohydrates), an inadequate thermal regulation system and a low capacity for gluconeogenesis cause the neonatal pig to develop hypoglycemia within the first 36 to 72 h of life unless sufficient amounts of an exogenous energy source (colostrum) are consumed (Mersmann, 1974) . The availability of colostrum from the sow and the quantity of energy reserves present in the pig at birth are ina Administration of 1,3-butanediol to sows for the enhancement of metabolic stability and survival of neonatal pigs is a patented process. Patent is held by the University of Kentucky. A food-additive petition pertaining to the use of 1,3-butanediol in diets for swine is under consideration by the Food and Drug Administration.
2Journal Paper No. 82-5-16 of the University of Kentucky Agr. Exp. Sta., Dept. of Anita. Sci. Received October 15, 1984 . Accepted July 8, 1985 fluenced by the health and nutritional status of the sow. Consequently, feeding practices that reduce the nervous anxiety of the sow, inhibit the growth of pathogenic microorganisms in the sow, and increase the energy reserves available to the pig at birth and during the first few hours of life should improve the metabolic stability and subsequent survival of neonatal pigs. 1,3-butanediol (butanediol) is a stable, essentially odorless, nonvolatile liquid. Butanediot elicits an anesthetic response (depresses motor activity) in animals, possesses bacteriostatic and antifungal properties, and is a direct ketone precursor (Robertson et al., 1948; Sprince et al., 1966; Isgrig and Ayres, 1968; Dymsza, 1975; Romsos, 1975a,b) . Nutritionally, butaneidol is a palatable, calorie-dense (6 kcal ME/g), synthetic energy source that is readily absorbed and metabolized in monogastric and ruminant animals (Miller and Dymsza, 1967; Young, 1975) .
The objective of this study was to determine if the prepartum administration of 1,3-butanediol to sows altered the growth and survival rate of neonatal pigs pre-and postweaning. aSows were fed daily 6,800 Kcal ME in the form of the basal prepartum diet (2.1 kg) plus an additional 1,700 ME in the form of cornstarch (.47 kg) or 1,3-butanediol (.28 kg) from about d 105 of gestation to parturition.
bArter parturition, all sows were allowed to consume the lactation diet ad llbitum during the 28-d lactation period.
Ccompositlon of mix: 10% Zn, 5% Fe, 2.75% Mn, .55% Cu, .075% I and .01% Se. dcomposition of mix: 2,000,000 IU vitamin A, 400,000 IU vitamin D3, 10,000 IU vitamin E, 4 g riboflavin, 10 g pantothenic acid, 20 g niacin and 10 mg vitamin B12. econtributed per kg of diet: 47 mg chlortetracycline in prepartum diet; 110 mg neomycin and 110 mg oxytetracycline in lactation diet.
Materials and Methods
Six trials involving 158 Yorkshire x Hampshire sows (42 primiparous, 116 multiparous) were conducted. The sows were maintained in groups of 7 to 10 in .91-ha pasture (25 cm of fescue-ladino clover) lots during gestation and fed daily 1.8 kg of a 14% crude protein, cornsoybean meal basal diet. About 9 d (+ .5 SE, range of 4 to 29 d) before parturition, each sow was placed in an individual 1.2 • 1.5 m farrowing crate in an environmentally regulated farrowing house maintained at about 20 to 21 C. Sows were allotted randomly from outcome groups based on parity and estimated farrowing date to two prepartum diets (table 1) . Each sow received 6,800 kcal metabolizable energy (ME) daily in the form of a corn-soybean meal basal diet (2.1 kg) plus an additional 1,700 kcal ME as corn starch 3 (.48 kg) or butanediol 4 (.28 kg) until parturition Spearl Corn Starch, grade 100; Grain Processing Corp., Muscatine, IA 52761.
41,3-butanediol (1,3-bntylene glycol); Celanese Chemical Corp., St. Louis, MO 63141. occurred. The prepartum diets supplied the following daily intake of energy and nutrients: 8,500 kcal ME (20% from experimental energy source), 285 g crude protein, 13 g lysine, 16 g Ca and 12 g P. The sows were fed the prepartum diets once daily between 0800 and 0900 h.
After parturition, all sows were allowed to consume ad libitum a fortified, 16% crude protein, corn-soybean meal-based lactation diet (table 1) during a 28-d lactation period. The sows farrowed in the months of September to October, November to January, March to May, May to June, July to September and November to December in trials 1 through 6, respectively.
Preweaning Period. Newborn pigs were weighed and processed (ears notched, needle teeth clipped, injected im with 100 mg of Fe as iron dextran) within 18 h of birth. Male pigs were castrated at 14 d of age. Pigs were not creep-fed.
Individual sow weights were obtained on the day the sows were placed on the prepartum diet and on d 0, 14 and 28 of lactation. Sow feed consumption during the lactation period was determined at 14-d intervals. Individual pig weights were obtained at 0, 14 and 28 d of age.
Fifteen of the litters on the starch treatment and 19 of the litters on the butanediol treatment were weaned at 14 d of age, and thus were not included in the 28-d sow and pig data.
Postweaning Period. All pigs in 67 litters (three trials) were weaned, placed in an environmentally regulated nrusery and fed a standard starter diet to determine if the prepartum diet of the sow had any long-term effects on the growth rate and(or) survival of the developing pigs. Litters on the same treatment and of similar age were weaned in groups of two to three (litter group). Pigs in each litter group were weaned at 28 + 1 d of age; all pigs were used, regardless of weight or condition. Pigs within a litter group were allotted randomly to four adjacent pens from litter and weightwithin-litter outcome groups.
The pigs (four to eight/pen, depending on litter size) were housed in 1.2 • 1.8 m, partially slatted-floor pens. Ambient temperature was maintained at 28 to 32 C.
A corn-soybean meal-based diet containing a minimum of 1.0% lysine was fed for the duration of the 28-d trials. Pigs were allowed to consume feed and water ad libitum. Pig weights and feed consumption were recorded at 14-d intervals. No medication (oral or injectable) was administered to the animals apart from an antimicrobial agent (chlortetracycline, 55 ppm) that was included in the feed. Upon the death of a pig, the unconsumed feed in the pen was weighed. The weight gain and the estimated feed consumption of the pigs that died were not included in the pen means.
The data were analyzed as a randomizedblock design by variance techniques with the Statistical Analysis System (SAS, 1979) . The interaction between prepartum diet and duration of the prepartum period was not significant for any of the response criteria, thus the main effects of the dietary treatment are reported. For the preweaning data, the sow or litter were considered the experimental unit. For the postweaning data, the litter group (two to three litters in four adjacent pens) was considered the experimental unit. Number of pigs born alive pe r litter was used as a covariate in the analysis of the preweaning litter data. Sow parity and duration of the prepartum period, when included as a covariate, did not account for a significant proportion of the variation, and thus were not included in the statistical model used in analyzing the data. Least-squares means are reported.
Results
All sows consumed their daily allowance of the starch and butanediol diets during the prepartum experimental period. Sow weight changes during the experimental prepartum period and 28-d lactation were similar for sows receiving the two isocaloric intakes of prepartum diets (table 2) . Voluntary feed consumption by sows during the 28-d lactation period also was not influenced by the prepartum diet.
As expected, the number of pigs born per litter was similar for the two treatment groups because the experimental diets were not imposed until approximately the last 9 d of gestation (table 3). The incidence of stillbirths, and consequently the number of pigs born alive, also were similar for the two treatment groups.
The isocaloric addition of butanediol compared with starch to the sow's prepartum diet resulted in an increase in the number of The prepartum diet of the sow did not alter the average birth weight of pigs. Average pig weights at d 14 and 28 were also similar for the two treatment groups, even though sows in the butanediol treatment group nursed .25 and .51 additional pigs per litter at d 14 and 28, respectively.
The effects of the sows' prepartum diet on the performance of pigs during a 28-d postweaning period are shown in table 4. Daily feed intake, rate and efficiency of gain and survival rate of the weanling pigs during the postweaning period were not influenced (P>.10) by the prepartum diet of their dams.
Discussion
1,3-butanediol is a chemically-synthesized, four-carbon, dihydroxyl alcohol. Because of its structural configuration, particularly the location of the hydroxyl groups on carbons 1 and 3, butanediol is a relatively stable compound with a low order of toxicity (Dymsza, 1975) . When orally ingested, butanediol has been shown to be rapidly metabolized to B-hydroxy butyrate and acetoacetate, apparently through aDiets were fed to the sows for approximately the last 9 d (range of 4 to 29 d) of the prepartum period. After parturition, all sows were allowed to consume a standard lactation diet ad libitum.
bcoefficient of variation (100 s/Z).
c15 and 19 sows in the control and butanediol treatment groups, respectively, were weaned at 14 d of age. dlnitial refers to the time the sows were started on their prepartum diets. Day 0 refers to the time immediately after parturition. aAll pigs in each of 67 litters were weaned at 28 -+ 1 d of age, regardless of weight or condition. bali pigs were allowed to consume a 1.0% lysine, corn-soybean meal diet ad libitum during the 28-d postweaning period.
CCoefficient of variation (100 s/x).
a cytoplasmic alcohol dehydrogenase pathway in the liver (Mehlman et al., 1975) . The observation in this study that sows readily consumed the prepartum diet in which 20% of the dietary energy was supplied by butanediol, is in agreement with that of Romsos et al. (1975a) , who reported that butanediol is a palatable energy source for growing pigs when it supplies 20% or less of the dietary energy. The similarity in the body weight changes of the sows fed the two isocaloric diets before parturition indicates that butanediol also is efficiently utilized in the restricted-fed sow. The fact that the consumption of the butanediol diet before parturition did not alter subsequent voluntary feed intake or body weight changes during lactation, particularly the initial 14 d, suggests that the late-term, gravid sow is relatively resistant to a butanediol-induced state of ketosis.
The 2.8-and 5.7-percentage unit improvement in the survival rate of pigs from birth to 14 and 28 d of age in litters of sows fed butanediol may be partially due to (1) the butanediolinduced alterations in the concentrations of endogenous energy reserves in the fetal and newborn pig, (2) the bacteriostatic and antifungal effects of butanediol in the sow and (3) the anesthetic action of butanediol during the stressful period of parturition and early lactation.
Metabolically, ingestion of butanediol in growing pigs results in elevated levels of blood ketone bodies (four-to eightfold increase), triglycerides (1.5 to twofold increase), lactate (twofold increase), and an elevated lactate: pyruvate ratio (twofold increase; Romsos et al., 1975a,b) .
Because ketone bodies are transported across the placenta as readily as glucose (Sabata et al., 1968; Seccombe et al., 1977) , they represent a potential energy source for the fetal and newborn pigs. Although blood levels of ketone bodies in neonatal pigs normally are low, the newborn pig has been shown to possess the enzymatic machinery necessary for ketone body utilization (Kahng et al., 1974) . Consequently, the rate of utilization of ketone bodies by extrahepatic tissue in fetal and neonatal tissue is considered to be controlled by the concentration of these substances in the blood (Kahng et al., 1974) .
Ketone bodies in extrahepatic tissues, particularly in animals in a fasted state, are readily absorbed and utilized for energy and for lipogenesis. In addition, elevated levels of blood ketone bodies metabolically induce a state of glucose conservation (Robinson and Williamson, 1980) . By serving as alternative substrates for oxidation in peripheral tissue, as well as inhibiting glucose oxidation, elevated blood ketone levels could lead to an accumulation of glucose, which would stimulate glycogen synthesis. Butanediol-induced alterations in lactate, pyruvate and alanine availability in the pig could further increase the amount of glucose and energy derived from gluconeogenic precursors via the lactate and alanine-glucose cycles. The fact that liver glycogen stores are increased in newborn pigs and that higher blood levels are maintained in fasted neonatal pigs from sows fed butanediol supports this hypothesis (Stahly et al., 1980; Boyd et al., 1982) .
Butanediol ingestion in pigs does not result in the undesirable metabolic effects (low levels of plasma glucose and fatty acids and depressed rates of fatty acid synthesis) that normally occur in ketotic animals (Romsos, 1975a,b; T. S. Stahly, unpublished data) . These effects should further enhance the metabolic value of the butanediol-induced ketosis in light of the limited carbohydrate and fat reserves available to the pig at birth.
By increasing the number and quantity of available energy substrates, while enhancing glucose conservation in an animal extremely susceptible to hypoglycemia, butanediolqnduced alterations in the metabolic profile of pig should improve the metabolic stability and survival rate of the neonatal pig. The improved survival rate observed in litters of sow~ fed butanediol prepartally supports this hypothesis.
Because butanediol inhibits bacterial growth and prevents yeast and mold growth (Robertson et al., 1948; Dymsza, 1975) , the improved survival rate in litters of sows fed butanediol prepartum may also be partially due to an antimicrobial effect of the butanediol. The administration of broad spectrum antibiotics or antifungal agents in sows before parturition and during early lactation has been reported to improve preweaning growth rate and survival of pigs Combs, 1962, 1964; Jordan and Waitt, 1963; Wallace et al., 1966 Wallace et al., , 1974 Treffer and Moser, 1978) . A subtherapeutic level of an antibiotic agent was also included in each of the diets (gestation, prepartum and lactation) that the sows received in the present studies. However, the potential interactive (additive or synergistic) effects of the two antimicrobial agents in sows are unknown.
The anesthetic action of butanediol (Sprince et al., 1966; Isgrig and Ayres, 1968 ) also may have contributed to the improved pig survivability by minimizing the sow's physical activity and anxiety level at parturition and in early lactation. A lower level of sow activity could improve the frequency in which the sow allows the pigs to nurse or the quantity of milk let-down during the nursing process. In mature rats, oral ingestion of the dihydroxy alcohol, butanediol, reduces the voluntary activity level of the animal but it has a less profound effect on altering the animal's equilibrium when compared with ethanol (Isgrig and Ayres, 1968) .
The similarity in the incidence of stillbirths for the two treatment groups suggests that a butanediol-induced ketotic state in the sow at parturition does not alter the viability of pigs at birth.
The similarity in average pig birth weight for the two treatment groups indicates that the prepartum administration of butanediol did not substantially influence the rate of tissue synthesis in the developing fetus. However, the observation that the average pig weights in litters from butanediol-fed sows at 14 and 28 d of age were equal to those of the starch treatment group, even though the number of pigs nursing the butanediol-treated sows was greater, suggests that the prepartum administration of butanediol to the sow alters the sow's milk yield and composition, or influences the suckling pig's ability to obtain and utilize the milk.
The ability of the pigs in the butanedioltreatment group to withstand the stress of weaning equally as well as those in the starchtreatment group indicates that there is no advantageous or deleterious effect of the prepartum administration of butanediol to sows on the rate and efficiency of growth and survivability of the pig during the postweaning period.
In summary, these data indicate that the administration of 1,3-butanediol (20% of dietary energy intake) in gravid sows for about 9 d before parturition increases the preweaning survivability of neonatal pigs.
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